(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

02.01 .2004 Bulletin 2004/01 



(H) EP 1 376 705 A2 
EUROPEAN PATENT APPLICATION 

(51) Intci7: H01 L 31/0203, H01L 31/02 



(21 ) Application number: 03253964.5 

(22) Date of filing: 24.06.2003 



(84) 


Designated Contracting States: 


• Nishida, Kazuhiro 




AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


Minami-Ashigara-shi, Kanagawa (JP) 




HU IE IT LI LU MC NL PT RO SE SI SK TR 


• Negishi, Yoshihisa 




Designated Extension States: 


Minami-Ashigara-shi, Kanagawa (JP) 




AL LT LV MK 


• Hosaka, Shunichi 


(30) 




Minami-Ashigara-shi, Kanagawa (JP) 


Priority: 24.06.2002 JP 2002183073 






19.06.2003 JP 2003175163 


(74) Representative: Stevens, Jason Paul 






Frank B. Dehn & Co. 


(71) 


Applicant: Fuji Photo Film Co., Ltd. 


179 Queen Victoria Street 




Minami-Ashigara-shi, Kanagawa (JP) 


London EC4V 4EL (GB) 


(72) 


Inventors: 




• 


Maeda, Hiroshi 






Minami-Ashigara-shi, Kanagawa (JP) 





CM 
< 

m 
o 

CD 
CO 



(54) Solid-state imaging device and method of manufacturing the same 



(57) There are provided a semiconductor substrate 
101 on which solid-state imaging devices are formed, 
and a translucent member 201 provided onto a surface 
of the semiconductor substrate such that spaces are 
provided to oppose to light receiving areas of the solid- 
state imaging devices, wherein external connecting ter- 



minals are arranged on an opposing surface of the sem- 
iconductor substrate 101 to a solid-state imaging device 
forming surface, and the external connecting terminals 
are connected to the solid-state imaging devices via 
through-holes provided in the semiconductor substrate 
101. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a solid-state 
imaging device and a method of manufacturing the 
same and, more particularly, a solid-state imaging de- 
vice of the chip size package (CSP) type in which a mi- 
cro lens is formed integrally on a chip. 

2. Description of the Related Art 

[0002] Because of the request for the application to 
the cellular phone, the digital camera, etc., the demand 
for the reduction in size of the solid-state imaging device 
including CCD (Charge Coupled Device) is increased. 
As one measure for such demand, the solid-stale 
imaging devices in which the micro lens is provided in 
the light receiving area of the semiconductor chip have 
been proposed. For instance, there has been proposed 
the solid-state 

imaging device, for example, that intends to reduce a 
size by packaging integrally the solid-state imaging de- 
vices, in which the micro lens is provided in the light re- 
ceiving area, to have the hermetic sealed portion be- 
tween the light receiving area and the micro lens of the 
solid-state imaging device (JP-A-7-202152). 
[0003] According to such configuration, reduction in 
the packaging area can be achieved, and also optical 
parts such as the filter, the lens, the prism, etc. can be 
bonded onto a surface of the hermetic sealed portion. 
Thus, reduction in the packaging size can be achieved 
not to bring about reduction in the converging ability of 
the micro lens. 

[0004] However, upon packaging such solid-state im- 
aging device, in order to pick up the signal to the outside, 
the solid-state imaging device must be mounted onto 
the supporting substrate onto which such imaging de- 
vice is packaged, then the electrical connection must be 
applied by the method such as the bonding, or the like, 
and then the sealing must be applied. In this manner, 
there is such a problem that, since a large number of 
steps (man-hours) are required, a lot of time is needed 
to package. 

[0005] Also, if it is tried to form the external connection 
terminals on the solid-state imaging device substrate, 
restrictions are put on many areas because of optical 
connection, mechanical connection, and electrical con- 
nection. As a result, it is difficult to reduce the size of the 
solid-state imaging device. 

SUMMARY OF THE INVENTION 

[0006] The present invention has been made in view 
of the above circumstances, and it is an object of the 
present invention to provide a method of manufacturing 



a solid-state imaging device that is easy to manufacture 
and has high reliability. Also, it is another object of the 
present invention to provide a solid-state imaging device 
a size of which is small and which is easily connected 

5 to a main body. 

[0007] Therefore, according to the present invention, 
a solid-state imaging device comprises a semiconductor 
substrate on which solid-state imaging devices are 
formed; a translucent member provided onto a surface 

to of the semiconductor substrate such that spaces are 
provided to be opposed to light receiving areas of the 
solid-state imaging devices, and a through-hole which 
are formed in the semiconductor substrate, wherein said 
solid-state imaging device is electrically connected to 

is an external contact terminal by way of said through- 
hole. 

[0008] According to such configuration, the signal 
leading and the current supply can be executed on the 
back surface side of the solid-state imaging device side 

20 that does not contribute to receive the light. Therefore, 
the packaging can be made easy and the assembling 
into the device can be facilitated, and reduction in size 
can be achieved as the overall device. Also, since the 
translucent member is connected to the semiconductor 

25 substrate such that the spaces are provided to oppose 
to the light receiving areas of the solid-state imaging de- 
vices, the solid-state imaging device that is small in size 
and has the good light converging property can be pro- 
vided. 

30 [0009] In this invention, said external contact terminal 
is formed on a surface of the semiconductor substrate, 
said surface being opposed to another surface thereof 
where the solid-state imaging element is formed. 
[0010] In this invention, said solid-state imaging de- 

35 vice further comprising a reinforcing plate which is con- 
tacted at a surface side of the semiconductor substrate, 
said surface side being opposed to another surface of 
the semiconductor substrate where the solid-state im- 
aging element is formed, wherein said external contact 

40 terminal is arranged at a surface of the reinforcing plate, 
said surface being opposed to another surface of the 
reinforcing plate where contact between the semicon- 
ductor substrate and the reinforcing plate is made. 
[0011] Preferably the translucent member of the sol- 

45 id-state imaging device is connected to the semiconduc- 
tor substrate via spacers. Therefore, the dimensional 
precision of the spaces can be improved, and the solid- 
state imaging device with good optical characteristic can 
be obtained at a low cost. 

50 [0012] Preferably, in this invention, the spacers are 
formed of same material as the translucent member. 
Therefore, generation of the distortion due to difference 
in thermal expansion coefficients between the translu- 
cent member and the spacers in response to the tem- 

55 perature change can be prevented, and thus the longer 
life can be achieved. 

[0013] Preferably, in this invention, the spacers are 
formed of same material as the semiconductor sub- 
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strate. Therefore, generation of the distortion due to dif- 
ference in thermal expansion coefficients between the 
semiconductor substrate and the spacers in response 
to the temperature change can be prevented, and thus 
the longer life can be achieved. 5 
[0014] Preferably, in this invention, the spacers are 
formed of resin material. In this case, the resin material 
may be filled between the solid-state imaging device 
substrate and the translucent member, or may be con- 
structed by the sheet-like resin material. If the spacers 
are formed by filling the resin material between the 
translucent member and the semiconductor substrate, 
the stress can be absorbed by the elasticity. Therefore, 
generation of the distortion due to difference in thermal 
expansion coefficients between the translucent member 
and the spacers in response to the temperature change 
can be prevented, and thus the longer life can be 
achieved. 

[0015] Further, in this invention, the spacers are 
formed of 42 alloy or silicon. Therefore, the production 
cost becomes lowered, and generation of the distortion 
due to difference in thermal expansion coefficients be- 
tween the semiconductor substrate and the spacers in 
response to the temperature change can be prevented, 
and thus the longer life can be achieved. Also, the ma- 
terial is not limited to the 42 alloy, and other metal, ce- 
ramic, inorganic material, or the like may be employed. 
[001 6] In this invention , said through-hole is filled with 
a conductive material in an inner wall thereof with an 
insulating film being formed in-between. 
[0017] In this invention, said insulating film is made of 
silicon oxide. 

[0018] In this invention, thickness of said insulating 
film is no less than 0.5 |xm. 

Having these structures, insulation can be se- 
cured with element forming regions. 
[0019] Also, according to the present invention, a sol- 
id- state imaging device manufacturing method, com- 
prises the steps of forming a semiconductor substrate 
on a surface of which a plurality of solid-state imaging 
devices are arranged and on a back surface side of 
which external connecting terminals are arranged such 
that the external connecting terminals are connected 
electrically to the solid-state imaging devices via 
through-holes; jointing a translucent member to a sur- 
face of the semiconductor substrate such that spaces 
are provided to oppose to light receiving areas of the 
solid-state imaging devices; and separating a jointed 
body obtained in jointing step into individual solid-state 
imaging devices. 

[0020] According to such configuration, the semicon- 
ductor substrate, on a surface of which a plurality of sol- 
id-state imaging devices are arranged and on a back 
surface side of which external connecting terminals are 
arranged such that the external connecting terminals 
are connected electrically to the solid-state imaging de- 
vices via through-holes, is formed. Therefore, the solid- 
state imaging devices are positioned at the wafer level 



at a predetermined interval from the translucent mem- 
ber, then these imaging devices including the external 
leading electrode terminals are packaged collectively 
and integrally, and the wafer is separated every solid- 
state imaging device. As a result the solid-state imaging 
device that is easy to manufacture with the high reliabil- 
ity can be achieved. 

[0021] Preferably, the step of jointing the translucent 
member includes the steps of preparing a translucent 
member having a plurality of concave portions at posi- 
tions that correspond to solid- state imaging device 
forming regions, and jointing the translucent member to 
a surface of the semiconductor substrate. 
[0022] According to such configuration, the concave 
portions can be formed easily only by forming previously 
the concave portions in the translucent substrate such 
that the spaces are provided to oppose to respective 
light receiving areas. Therefore, the number of parts can 
be reduced and the manufacturing is made easy. 
[0023] Preferably, the solid-state imaging device 
manufacturing method further comprises, prior to the 
step of jointing, the step of forming projected portions 
on a surface of the semiconductor substrate to surround 
the light receiving areas; wherein spaces are formed be- 
tween the light 

receiving areas and the translucent member by the pro- 
jected portions. 

[0024] According to such configuration, the solid- 
state imaging device that has the good workability and 
the high reliability can be provided easily only by pack- 
aging the solid-state imaging device onto the substrate 
to put the projected portions (spacers) that are formed 
previously on the surface of the semiconductor sub- 
strate therebetween. 

[0025] Preferably, the step of jointing is executed to 
form spaces between the semiconductor substrate and 
the translucent member via spacers that are arranged 
to surround the light receiving areas. 
[0026] According to such configuration, the solid- 
state imaging device that has the high reliability can be 
provided easily merely by putting the spacers therebe- 
tween. 

[0027] In this invention, said method is further com- 
prising the steps of: a step of forming solid-state imaging 
elements on a surface of the semiconductor substrate; 
a step of forming through-holes at a surface of the sem- 
iconductor substrate ;a step of forming an insulating film 
in inner walls of the through-holes, and a step of filling 
conductive material in the through-holes. 
[0028] In this invention, the step of forming the insu- 
lating film includes a cold CVD method, 
[0029] In this invention, the step of filling conductive 
material includes a vacuum screen-printing method. 

Having these structures, the conductive material 
can be filled with through-holes while a negative pres- 
sure is produced therein by vacuum pumping, and con- 
tact between the conductive material and the solid-state 
imaging element can be secured easily without gener- 
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ation of voids. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

FIGS. 1 (a) and (b) are a sectional view and an en- 
larged fragmental sectional view showing a solid- 
state imaging device of a first embodiment of the 
present invention respectively. 
FIGS. 2 (a) to (d) are views showing steps of man- 
ufacturing the solid-state imaging device of the first 
embodiment of the present invention. 
FIGS. 3(a) to (c) are views showing steps of man- 
ufacturing the solid-state imaging device of the first 
embodiment of the present invention. 
FIGS. 4 (a) to (d) are views showing steps of man- 
ufacturing the solid-state imaging device of the first 
embodiment of the present invention. 
FIGS. 5(a) to (e) are views showing steps of man- 
ufacturing the solid-state imaging device of a sec- 
ond embodiment of the present invention. 
FIGS. 6(a) to (e) are views showing steps of man- 
ufacturing the solid-state imaging device of a third 
embodiment of the present invention. 
FIGS. 7(a) and (b) are views showing steps of man- 
ufacturing the solid-state imaging device of a fourth 
embodiment of the present invention. 
FIG. 8 is a view showing steps of manufacturing the 
solid-state imaging device of a fifth embodiment of 
the present invention. 

FIG. 9 is a view showing steps of manufacturing the 
solid-state imaging device of a sixth embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] Embodiments of the present invention will be 
explained with reference to the drawings hereinafter. 

(First Embodiment) 

[0032] In this solid-state imaging device, as shown in 
a sectional view of FIG. 1 (a) and an enlarged fragmental 
sectional view of a solid-state imaging device substrate 
of FIG. 1 (b), a glass substrate 201 serving as a translu- 
cent member is bonded onto a surface of a solid-state 
imaging device substrate 100 made of a silicon sub- 
strate 101 serving as a semiconductor substrate, in 
which a solid-state imaging element 102 is formed, via 
a spacer 203S in such a manner that a space C can be 
provided to be functioning as a light receiving area of 
the solid-state imaging device substrate 100. Further, a 
support member 701 is formed at the opposite side of 
the solid-state imaging element being formed on the sol- 
id-state imaging device substrate 100. The support 
member 701 is electrically connected to pads 113 and 



bumps 114 as external leading terminals via through- 
holes H being formed on the solid-state imaging device 
substrate 100 in such a way that said pads 113 and 
bumps 1 1 4 are arranged at the opposite side of the sem- 
s iconductor substrate through-hole Then, after mounting 
this solid-state imaging device with wafer level, connec- 
tions to the outside can be made via the bumps 114by 
separating individually peripheries by using a dicing 
method. Here, as shown in FIG. 4(d), a conductive layer 
10 1 08 is formed in the through-hole H, and the bumps 1 1 4 
are connected to a peripheral circuit substrate 901 via 
an anisotropic conductive film 115. In this case, a height 
of the spacer 203S is set in a range from 1 0 to 500 \i m, 
preferably between 80 and 1 20 um 
'5 [0033] Here, as shown in the enlarged fragmental 
sectional view of FIG. 1(b), the solid-state imaging de- 
vice substrate 1 00 is constructed by the silicon substrate 
1 01 , on a su rface of which solid-state imaging elements 
are arranged and RGB color filters 46 and micro lenses 
20 50 are formed. Here, though not appear in this cross 
section, through-holes are formed such that they are 
connected to charge transfer electrodes 32. 
[0034] The solid-state imaging device substrate 100 
is constructed by forming a channel stopper 28 in a p- 
25 well 101b formed on a surface of an n-type silicon sub- 
strate 101a and then forming a photodiode 14 and a 
charge transfer device 33 to put this channel stopper 
therebetween. In this case, the photodiode 14 is con- 
structed by forming an n-type impurity region 14b in a 
30 p+-channel region 14a. Also, the charge transfer ele- 
ment 33 is constructed by forming a vertical charge 
transfer channel 20 made of an n-type impurity region, 
which is formed to have a depth of about 0.3 p. m, in the 
p + -channel region 14a and also forming a vertical 
35 charge transfer electrode 32 made of a polysilicon layer, 
which is formed over an upper layer of this channel via 
a gate insulating film 30 made of a silicon oxide film. 
Also, a reading gate channel 26 made of a p-type impu- 
rity region is formed between the charge transfer ele- 
^o ment 33 and the photodiode 14 that is used to read a 
signal charge to this vertical charge transfer channel 20. 
A through-hole (not shown in FIG. 1 (b)) is formed to be 
connected to the vertical charge transfer electrode 32. 
[0035] The n-type impurity region 1 4b is exposed from 
4 5 the surface of the silicon substrate 101 along this read- 
ing gate channel 26. The signal charge generated by 
the photodiode 14 is accumulated temporarily in the n- 
type impurity region 14b and then read out via the read- 
ing gate channel 26, 
so [0036] In contrast, the channel stopper 28 made of the 
p + -type impurity region is present between the vertical 
charge transfer channel 20 and other photodiode 14. 
Thus, the photodiode 1 4 and the vertical charge transfer 
channel 20 are isolated electrically from each other, and 
55 also the vertical charge transfer channels 20 are sepa- 
rated not to come into contact with each other. 
[0037] Then, the vertical charge transfer electrode 32 
is formed to cover the reading gate channel 26 and to 
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expose the n-type impurity region 14b and a part of the 
channel stopper 28. In this case, the signal charge is 
transferred from the reading 

gate channel 26 that is located under a portion, to which 
the reading signal is applied, of the vertical charge trans- 
fer electrode 32. 

[0038] Then, the vertical charge transfer electrode 32 
and the vertical charge transfer channels 20 constitute 
the vertica charge transfer device (VCCD) 33 that trans- 
fers the signa charge, which is generated by pn junction 
of the photodiod 14, in the vertical direction. A surface 
of the substrat on which the vertical charge transfer elec- 
trode 32 is forme is covered with a surface protection 
film 36. Then, a ligh shielding film 38 made of tungsten 
is formed on an upper layer of this film such that only a 
light receiving area 40 of the photodiode 14 is opened 
but other areas are shielded from the light. 
[0039] Then, an upper surface of the vertical charge 
transfer electrode 32 is covered with a planarizing insu- 
lating film 43, which is formed to planarize the surface 
of the electrode, and a translucent resin film 44, which 
is formed on an upper surface of this film 43. Then, a 
filter layer 46 is formed on an upper surface of this film 
44. A red-color filter layer 46R, a green-color filter layer 
46G, and a blue-color filter layer 46B are arranged se- 
quentially in the filter layer 46 such that predetermined 
patterns are formed to respond to respective photodi- 
odes 14. 

[0040] Then, an upper surface of the filter layer 46 is 
covered with a micro lens array consisting of micro lens- 
es 50 via a planarizing insulating film 48. These micro 
lenses 50 are formed by patterning the translucent resin 
containing the photosensitive resin with the refractive in- 
dex of 1 .3 to 2.0 by virtue of the photolithography, then 
melting the resin to round such resin by a surface ten- 
sion, and then cooling the rounded resins. 
[0041] Next, steps of manufacturing the solid-state 
imaging device will be explained hereunder. As shown 
in manufacturing steps of FIGS. 2(a) to (d) and FIGS. 3 
(a) to (c), this method is executed based on the so-called 
wafer-level CSP method, in which the solid-state imag- 
ing devices are positioned at a wafer level, then these 
imaging devices are packaged collectively and integral- 
ly, and the wafer is separated every solid-state imaging 
device. (Although only two units are depicted on Figures 
hereinafter, a large number of solid-state imaging devic- 
es are formed successively on the wafer.) This method 
is 

characterized in that edges of the solid-state imaging 
device substrate 100 and the glass substrate 201 are 
formed on an identical surface, and also the external 
leading terminals are led to the back surface side via 
through-holes that pass through the solid-state imaging 
device substrate 100 and a reinforcing plate 701 that is 
pasted onto a back surface of this substrate. Here, a 
sealing cover glass 200 with a spacer, in which the spac- 
er 203S is formed previously, is employed. 
[0042] First, formation of the glass substrate with the 



spacer will be explained hereunder. 

As shown in FIG. 2(a), a silicon substrate 203 
serving as the spacer is adhered onto a surface of the 
glass substrate 201 via an adhesive layer 202 made of 
5 ultraviolet curing adhesive (cationic polymerization en- 
ergy-line curing adhesive) . Then, a resist pattern R1 is 
left at portions, at which the spacers are formed, by the 
etching method using the photolithography. 
[0043] Then, as shown in FIG. 2(b), the spacers 203S 
io are formed by etching the silicon substrate 203 while 
using this resist pattern R1 as a mask. 
[0044] Then, as shown in FIG. 2(c), while leaving the 
resist pattern R1 to form the spacers 203S, resist is filled 
in inter-spacer areas except inter-element areas. Then, 
*5 as shown in FIG. 2(d), inter-element recess portions 204 
are formed by etching the glass substrate 201 up to a 
predetermined depth. Then, an adhesive layer 207 is 
formed on surfaces of the spacers respectively. In this 
case, the spacers are formed of the silicon substrate. 
Therefore, if the etching is carried out under the condi- 
tions that an etching rate of silicon oxide as a major com- 
ponent of the glass substrate 201 can be set sufficiently 
largely rather than an etching rate of silicon, such etch- 
ing may be carried out in the situation that side walls of 
the spacers are exposed in the inter-element areas. The 
dicing blade (grindstone) may be employed to form the 
inter-element recess portions 204. 
[0045] Also, the recess portions 204 may be formed 
by forming the resist pattern R, which includes the over- 
all side walls of the spacers, by applying the photolithog- 
raphy again, and then executing the etching via this re- 
sist pattern. In this manner, the sealing cover glass 200 
in which the recess portions 204 and the spacers 203S 
are formed is obtained. 

[0046] Then, the solid-state imaging device substrate 
100 is formed. As shown in FIG. 3(a), the silicon sub- 
strate 1 01 is prepared previously (here a 4 - 8 inch wafer 
is used) to form the solid-state imaging device substrate 
1 00. (Although only one unit is depicted in Figures here- 
inafter, a large number of solid-state imaging devices 
are formed successively on the wafer) Then, the device 
region including the channel stopper layer, the channel 
region, the charge transfer electrode, etc. are formed by 
using the ordinary silicon processes (FIG. 3(a)). Then, 
the reinforcing plate 701 made of the silicon substrate, 
on which a silicon oxide film is formed, is jointed onto a 
back surface of the solid-state imaging device substrate 
1 00 by the surface-activated cold joint. 
[0047] Then, as shown in FIG. 3(b), alignment is ex- 
ecuted by using alignment marks that are formed on pe- 
ripheral portions of respective substrates. Then, the 
sealing cover glass 200 in which the spacers 203S are 
adhered to the plate-like glass substrate 201 is mounted 
on the solid-state imaging device substrate 1 00 formed 
as above. Then, a resultant structure is heated to joint 
integrally both the cover glass and the device substrate 
by the adhesive layer 207. It is desired that this step 
should be executed in vacuum or in an inert gas atmos- 
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phere such as a nitrogen gas. 

[0048] Then, the through-holes 108 are formed from 
the back surface side of the reinforcing plate 701 by an- 
isotropic etching with using resist pattern mask that is 
formed by the photolithography. Then, a silicon oxide 
film 109 is formed in the through-hole H by the CVD 
method. Then, the silicon oxide film 109 is left only on 
side walls of the through-holes H by applying the aniso- 
tropic etching (FIG. 3(c)). Since this film forming process 
is performed under low pressure, the silicon oxide film 
1 09 can be well coated in the through-hole H. More spe- 
cifically, said anisotropic etching is performed so that the 
silicon oxide film 109 remains only on the inner wall of 
the through-hole H which allows the pad BP to be ex- 
posed. As a result, silicon oxide film 109 having around 
5 ii can be formed at the inner wall of the through-hole. 
[0049] Then, as shown in FIG.4(a), silver film is 
formed as a conductor layer 108, which contacts to the 
bonding pad, in the through-hole H by the screen-print- 
ing method using silver paste from back surface under 
vacuum condition. It is also possible to form such a con- 
ductive layer by using alternative methods, such as 
forming tungsten film by using CVD method with WF 6 
gas, instead of using the screen-printing method. 
[0050] Then, as shown in FIG. 4(b), the bonding pads 
1 1 3 are formed on a surface of the reinforcing plate 701 , 
and then the bumps 114 are formed. 

In this manner, signal leading electrode terminals 
and current-supplying electrode terminals can be 
formed on the reinforcing plate 701 side. 
[0051] Then, as shown in FIG.4(c) ; the anisotropic 
conductive film 115 (ACP) is coated on the surface of 
the reinforcing plate 701 . 

Lastly, as shown in FIG.4(d), the circuit substrate 
901 on which driving circuits are formed is connected 
via the anisotropic conductive film 115. In this case, 
made of the conductive layer, which is filled in the 
through-holes formed to pass through the substrate, 
and bonding pads 210 are formed In this circuit sub- 
strate 901 . The connection to the circuit substrate 901 
may be executed by the jointing using the ultrasonic 
wave, the soldering, the eutectic bonding, or the like. 

Accordingly, the connection to the circuit substrate 
such as the printed board, or the like can be attained 
easily via the bonding pads 21 0. 

[0052] Then, the dicing is applied to the overall wafer 
along the dicing line DC that contains the contact layers 
117 and the conductive layers 108 in its inside. Thus, 
the wafer is divided into individual solid-state imaging 
devices (Although only one unit is depicted in Figures, 
a large number of solid-state imaging devices are 
formed successively on one sheet of the wafer.) 

In this manner, the solid-state imaging devices 
can be manufactured extremely easily with good work- 
ability. 

[0053] In this case, the reinforcing plate 701 is formed 
of the silicon substrate on which the silicon oxide film is 
formed. Therefore, the thermal insulation or the electric 



insulation 

between the solid-state imaging device substrate 100 

and the reinforcing plate 701 can be provided. 

[0054] Also, in the previous embodiment, the conduc- 

5 tive layer is formed in the through-holes H by the screen- 
printing method. In this case, even if the plating method, 
the CVD method, the vacuum suction method, or the 
like is employed, the filling of the conductive layer into 
the contact holes, which have a high aspect ratio, can 

*o be executed easily with good workability. 

[0055] Further, in the first embodiment, the electrical 
connection between the solid-state imaging device sub- 
strate 100 and the circuit substrate 901 , on which the 
peripheral circuits are mounted, is provided via the 

*5 through-holes. But the present invention is not limited 
to this process. There may be applied the method of 
forming contacts by the impurity diffusion applied from 
both the front surface and the back surface such that 
the front and back surfaces can be connected electri- 
20 cally, etc. 

In this manner, the signal leading electrode termi- 
nals and the current-supplying electrode terminals can 
be formed can be formed on the reinforcing plate 701 
side. 

25 [0056] Furthermore, the solid-state imaging devices 
are packaged coactively not to execute the alignment 
individually and apply the electric connection such as 
the bonding individually, and then are separated into in- 
dividual solid-state imaging devices. Therefore, the 

30 manufacturing is made easy and the handling is simpli- 
fied. 

[0057] Also, the recess portions 204 are formed pre- 
viously on the glass substrate 201 , and then remaining 
portions of the glass substrate 201 are removed from 
35 the surface by the CMP method, or the like up to a depth 
that reaches the recess portions 204 after the packaging 
is completed. Therefore, the solid-state imaging devices 
can be separated very easily. 

[0058] Also, individual solid-state imaging devices 
40 can be formed only by applying the cutting or the pol- 
ishing in the situation that the surface on which the de- 
vice is formed is sealed in the clearance C by the jointing 
step. Therefore, the solid-state imaging device with high 
reliability can be provided with less damage to the de- 
4 5 vice and without the entering of the dust. 

[0059] Besides, since the silicon substrate 101 is 
thinned up to about 1/2 of the depth by the CMP, reduc- 
tion in size and thickness of the solid-state imaging de- 
vice can be achieved. Also, since the silicon substrate 
50 101 is thinned after the silicon substrate 101 is jointed 
to the glass substrate 201 , reduction in the mechanical 
strength can be prevented. 

[0060] In this manner, according to the configuration 
of the present invention , the solid-state imaging devices 
55 are positioned at the wafer level, then these imaging de- 
vices are packaged collectively and integrally, and the 
wafer is separated every solid-state imaging device. As 
a result, the solid-state imaging device that is easy to 
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manufacture with high reliability can be formed. 
[0061] In this case, in the first embodiment, the solid- 
state imaging device is formed in such a manner that 
these imaging devices are connected collectively by the 
wafer-level CSP and then separated by the dicing. But- 
thesolid-stateimaging device substrate 1 00, in which the 
through-holes H are formed and the bumps 114 are 
formed, is separated into individual solid-state imaging 
devices by the dicing, and then the sealing cover glass 
200 may be adhered to the solid-state imaging device 
one by one. 

Also, the micro lens array may be formed by form- 
ing a transparent resin film on the substrate surface, and 
then forming a lens layer in which a gradient of the re- 
fractive index is formed at a predetermined depth by the 
ion implantation from this surface. 
[0062] Also, as the spacer, the glass, the poly- 
carbnate, or the like may be selected appropriately in 
addition to the silicon substrate. 

(Second Embodiment) 

[0063] Next, a second embodiment of the present in- 
vention will be explained hereunder. 

In the above first embodiment, the through-holes 
H are formed to pass through the reinforcing plate 701 , 
and then the conductive layers 108 are formed. In this 
second embodiment, the solid-state imaging device 
substrate is formed by using the silicon substrate in 
which through-holes (vertical holes) are formed previ- 
ously. Accordingly, because a depth of the vertical hole 
can be formed shallow, the productivity can be improved 
and also yield of the manufacturing can be improved. 
[0064] More particularly, as shown in FIG. 5(a), prior 
to the formation of the solid-state imaging element, first 
a resist pattern is formed on the back surface of the sil- 
icon substrate by the photolithography, and then 
through-holes H are formed by the RIE (Reactive Ion 
Etching) while using this resist pattern as a mask. In this 
case, in this step, a pad 110 made of aluminum, or the 
like is formed on the surface and then the through-holes 
H are formed to reach this pad. 

[0065] Then, as shown in FIG. 5(b), a silicon oxide 
film 1 1 9 is formed on the inner wall of the through-hole 
H by the low-temperature CVD method. 
Since this film forming process is performed under low 
pressure, the silicon oxide film 109 can be well coated 
in the through-hole H. More specifically, said anisotropic 
etching is performed so that the silicon oxide film 109 
remains only on the inner wall of the through-hole H 
which allows the pad BP to be exposed. 

It is also to adopt the alternative way, such as ther- 
mal oxidation method, instead of the low-temperature 
CVD method. However in this case, it is required for the 
back surface and substrate surface to be coated with 
the resist beforehand. 

Then, as shown in FIG. 5(c), like the above em- 
bodiment, element regions in which the solid-state im- 



aging elements are formed by using the ordinary silicon 
processes. 

[0066] Then, as shown in FIG. 5(d), the alignment is 
executed by using the alignment marks that are formed 

5 on peripheral portions of respective substrates. Then, 
the sealing cover glass 200, in which the spacers 203S 
are adhered to the plate-like glass substrate 201 , is 
mounted on the solid- state imaging device substrate 
100 formed as above. Then, a resultant structure is 

10 heated to joint integrally both the cover glass and the 
device substrate by the adhesive layer 207. In this case, 
the surface-activated cold joint may be employed as the 
jointing step. 

[0067] Then, as shown in FIG. 5(e), the reinforcing 

*5 plate 701 is jointed to the back surface side of the solid- 
state imaging device substrate 100 by the surface-acti- 
vated cold joint, and then the through-holes 108 are 
formed from the back surface side by the etching meth- 
od using the photolithography to come 

20 up to the through-holes 118 that was already made. 
Here, it is desired that the electric insulation should be 
applied to inner walls of the through-holes 1 08. Also, the 
reinforcing plate in which the through-holes are formed 
in advance may be employed. 

25 [0068] After this, the solid-state imaging device hav- 
ing the structure in which respective layers up to the cir- 
cuit substrate on which the peripheral circuits are 
formed are laminated can be formed easily by executing 
the steps explained in the above first embodiment and 

30 shown in FIGS. 4 (a) to (d). As described above, in the 
present embodiment, because the depth of the through- 
hole can be formed shallow, by which the productivity 
can be improved and also yield of the manufacturing can 
be improved. 

35 

(Third Embodiment) 

[0069] Next, a third embodiment of the present inven- 
tion will be explained hereunder. 

^0 in the above second embodiment, the conductivity 

layer in the through-hole H, which is formed in the solid- 
state imaging device substrate, can be formed after con- 
tact of the reinforcing plate 701 is made and another 
through-hole is formed in it. However, in the third em- 

^5 bodiment, as the next step of forming the through-hole 
H, silver film for making contact with the bonding pad is 
formed by the screen-printing method under vacuum 
condition prior to the contact of the reinforcing plate 701 
being made as shown in Fig. 6(b). 

so [0070] That is to say ; the through-hole H is formed in 
the same way as shown in the second embodiment, and 
as shown in Fig. 6 (b), the screen -printing is performed 
in such a way that silver paste is applied to the through- 
hole from the back surface by suction force generated 

55 by the vacuum screen-printing method, by which con- 
tact can be made between the silver film and the bond- 
ing pad in the through-hole. 

The rests of the forming processes can be the 
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same as that of the second embodiment. Namely, as 
shown in FIG. 6(c), like the previous embodiment, ele- 
ment regions in which the solid-state imaging elements 
are formed by using the ordinary silicon processes. 
Then, as shown in FIG. 6(d), after the alignment being 
made, the sealing cover glass 200, in which the spacers 
203S are adhered to the plate-like glass substrate 201 , 
is mounted on the solid- state imaging device substrate 
100 formed as above. Then, a resultant structure is 
heated to joint integral lyboth the cover glass and the de- 
vice substrate by the adhesive layer 207. 
[0071] Then, as shown in FIG.6(e), the reinforcing 
plate 701 is jointed to the back surface side of the solid- 
state imaging device substrate 1 00 by the surface-acti- 
vated cold joint, and after another through-hole H being 
formed from the back surface, the vacuum screen-print- 
ing method is once more applied to the through-hole to 
form a conductive layer in it. 

[0072] According to this structure, productivity might 
be lowered a little from the need of two processes be- 
cause forming the conductive layer are twice performed 
separately for the formerly formed through-hole and the 
later formed through-hole. However, this requirement of 
duplicated processes gives also such a advantage that 
depth of each through-hole in which conductive layer is 
formed becomes shallow so that well coating condition 
can be expected. 

[0073] Although the through-hole of the solid-state 
imaging element is formed prior to forming of the ele- 
ment region thereof in the above embedment, it is also 
possible to form a through-hole afterthe formation of the 
element region. 

Further, the silver was used as material to form 
the conductive layer in the through-hole, however, any 
other conductive material can be adopted such as cop- 
per and so on. 

(Fourth Embodiment) 

[0074] Next, a fourth embodiment of the present in- 
vention will be explained hereunder, 

In the above third embodiment, the contacts are 
formed to pass through the reinforcing plate 701 , the sol- 
id-state imaging device substrate, and the circuit board, 
and then the electrode leading to the circuit substrate 
side is executed so as to form the external contact ter- 
minals. In contrast, as shown in FIGS. 7(a) and 7(b), the 
third embodiment is characterized in that a conductive 
layer 1 20 as the wiring layer is formed on side walls and 
then the electrode leading is executed from the side 
wails of the solid-state imaging device. Pad 210 is for 
the external connection use. 

[0075] The manufacturing steps may be carried out 
substantially similarly to the above second embodiment. 
In this case, the solid-state imaging devices in which the 
wiring layer is formed easily on the side wall can be 
formed by forming the through-holes at positions, which 
correspond to edge portions of respective solid-state im- 



aging devices, and then applying the dicing along the 
cutting lines DC including the through-holes. 
[0076] Also, since the conductive layer 120 that is 
filled into the through-holes is made of the light shielding 

5 material such as tungsten, or the like, the light incident 
onto the solid-state imaging device can be shielded and 
thus reduction in the malfunction can be achieved. 

Also, if this reinforcing plate is formed of the poly- 
imide resin, the ceramic, the crystallized glass, the sili- 

io con substrate whose front and back surfaces are oxi- 
dized, or the like, such reinforcing plate can fulfill a role 
of the thermally insulating substrate. In addition, the re- 
inforcing plate may be formed of the sealing material 
with the moisture proof property, the light shielding ma- 

15 terial. 

(Fifth Embodiment) 

[0077] Next, a fifth embodiment of the present inven- 

20 tion will be explained hereunder. 

From the second to the fourth embodiments, the 
back surface side of the solid-state imaging device sub- 
strate 100 is stacked on the peripheral circuit board via 
the reinforcing plate. In the fifth embodiment, .as shown 

25 in FIG. 8, the solid-state imaging device substrate 1 00 is 
stacked on the peripheral circuit substrate 901 , and the 
reinforcing plate 701 is stacked in turn on the back sur- 
face side of the peripheral circuit substrate 
[0078] This reinforcing plate 701 is also used as a 

30 heat radiation plate. 

The manufacturing steps are executed substan- 
tially similarly to the second and third embodiments. In 
this case, since the solid-state imaging device substrate 
100 and the peripheral circuit substrate 901 are ar- 

35 ranged at positions that are close to each other, a con- 
nection resistance can be reduced and thus a high- 
speed driving can be implemented. 

(Sixth Embodiment) 

40 

[0079] Next, a sixth embodiment of the present inven- 
tion will be explained hereunder. 

In the sixth embodiment, the through-holes are 
formed in the inside of the substrate and then the elec- 
45 trodes are led onto the back surface side of the periph- 
eral circuit substrate. In contrast, as shown in FIG. 9, 
the fifth embodiment is 

characterized in that a conductor layer 1 20 as the wiring 
layer is formed on the side wall. 

so [0080] Like the above fourth embodiment, in manu- 
facturing, the solid-state imaging device to which side 
wall wirings are applied can be formed easily only by 
positioning the dicing lines at the positions that include 
the contacts formed in the through-holes. 

55 In this solid-state imaging device, because the wir- 

ings are formed on the side walls, the signal leading 
electrode terminals and the current-supplying electrode 
terminals can also be formed on the side walls. In this 
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case, it is needless to say that the connection may be 
supplied by forming the pads and the bumps on the back 
surface side of the peripheral circuit substrate 901 . A 
reference 701 is the reinforcing plate. 
[0081] In this case, in the above embodiments, the 
method of jointing the glass substrate constituting the 
sealing cover glass and the spacers and the method of 
jointing the solid-state imaging device substrate and the 
sealing cover glass by using the adhesive layer are ex- 
plained. In all embodiments, if surfaces of the spacers 
and the solid-state imaging device substrate is formed 
of Si, the metal, or the inorganic compound, they can be 
jointed appropriately by the surface-activated cold joint 
without employment of the adhesive. If the cover glass 
is formed of Pyrex and the spacers are formed of silicon, 
the anodic joint may be employed. If the adhesive layer 
should be employed, not only the U V adhesive but also 
the thermosetting adhesive, the semi-curing adhesive, 
the thermosetting and UV curing adhesive, or cold-cur- 
ing adhesive agent may be employed as the adhesive 
layer. 

[0082] Also, as explained in the above first embodi- 
ment, 42 alloy, metal, glass, photosensitive polyimide, 
polycarbonate resin, or the like in addition to the silicon 
substrate may be selected appropriately as the spacers 
in all embodiments, 

[0083] Also, when the solid-state imaging device sub- 
strate and the sealing cover glass are jointed by using 
the adhesive layer, flow-out of the melted adhesive layer 
may be prevented by forming the reservoir, or the like. 
Also, when the spacers and the solid-state imaging de- 
vice substrate or the sealing cover glass are jointed, 
similarly flow-out of the melted adhesive layer may be 
prevented by forming a concave portion or a convex por- 
tion in the jointed portion to form the reservoir, or the like. 
[0084] In this case, in the above embodiments, when 
the substrate on which the cutting recesses are formed 
is separated into individual devices, the CMP is applied 
up to positions of the cutting recesses. In this case, the 
grinding, the polishing, or the full surface etching may 
be employed. 

[0085] Also, in the above embodiments, in the situa- 
tion that the reinforcing plate (701 ) is employed, if such 
reinforcing plate is formed of the polyimide resin, the ce- 
ramic, the crystallized glass, the silicon substrate whose 
front and back surfaces are oxidized, or the like, as the 
case may be, as the material, such reinforcing plate can 
have a role of the thermal insulating substrate. Also, the 
reinforcing plate may be formed of the sealing material 
with the moisture proof property, the light shielding ma- 
terial. 

[0086] Also, in the above embodiments, if the pasting 
between the glass substrate and the spacers is needed, 
such pasting may be executed by coating the ultraviolet 
curing resin, cold-curing adhesive agent, the thermoset- 
ting resin, or common use of them, or the semi-curing 
adhesive. Also, dispenser supply, screen printing, 
stamp transfer, or the like may be selected appropriately 



to form the adhesive. 

[0087] In addition, examples explained in respective 
embodiments maybe varied mutually in the scope that 
is applicable to overall embodiments. 

5 [0088] As described above, according to the present 
invention, the solid-state imaging device the size of 
which is small and which is easily connected to the main 
body can be formed. 

Also : according to the present invention, the solid- 

io state imaging devices are positioned at the wafer level, 
then these imaging devices including the external lead- 
ing electrode terminals are packaged collectively and in- 
tegrally, and the wafer is separated every solid-state im- 
aging device. Therefore, the solid-state imaging device 

15 that is easy to manufacture and the high-precision po- 
sitioning can be achieved. 
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Claims 

1. A solid-state imaging device comprising: 

a semiconductor substrate on which solid-state 
imaging elements are formed; 
a translucent member provided onto a surface 
of the semiconductor substrate such that spac- 
es are provided to be opposed to light receiving 
areas of the solid-state imaging devices, and 
a through-hole which are formed in the semi- 
conductor substrate, wherein 
said solid-state imaging device is electrically 
connected to an external contact terminal by 
way of said through-hole. 

2. A solid-state imaging device according to claim 1 , 
wherein said externa! contact terminal is formed on 
a surface of the semiconductor substrate, said sur- 
face being opposed to another surface thereof 
where the solid-state imaging element is formed. 



3. A solid-state imaging device according to claim 1 , 
said solid-state imaging device further comprising 
a reinforcing plate which is contacted at a surface 
side of the semiconductor substrate, said surface 

^5 side being opposed to another surface of the sem- 
iconductor substrate where the solid-state imaging 
element is formed, wherein 

said external contact terminal is arranged at 
a surface of the reinforcing plate, said surface being 

50 opposed to another surface of the reinforcing plate 
where contact between the semiconductor sub- 
strate and the reinforcing plate is made. 

4. A solid-state imaging device according to any one 
55 of claims 1 to 3, wherein the translucent member is 

connected to the semiconductor substrate via spac- 
ers. 



9 



JSDOCID: <EP 1376705A2J_> 



17 

5. A solid-state imaging device according to claim 4, 
wherein the spacers are formed of same material 
as the translucent member. 

6. A solid-state imaging device according to claim 4, s 
wherein the spacers are formed of same material 

as the semiconductor substrate. 

7. A solid-state imaging device according to claim 4, 
wherein the spacers are formed of resin material. 10 

8. A solid-state imaging device according to claim 4, 
wherein the spacers are formed of silicon. 

9. A solid-state imaging device according to claim 4, ?5 
wherein the spacers are formed of 42 alloy. 

10. A solid-state Imaging device according to claim 1, 
wherein said through-hole is filled with a conductive 
material in an inner wall thereof with an insulating 20 
film being formed in-between. 

11. A solid-state imaging device according to claim 10, 
said insulating film is made of silicon oxide. 

25 

12. A solid-state imaging device according to claim 10 
or 1 1 , thickness of said insulating film is no less than 
0.5 j.im. 

13. A solid-state imaging device manufacturing meth- 30 
od, comprising the steps of: 

a step of forming a semiconductor substrate on 
a surface of which a plurality of solid-state im- 
aging devices are arranged and on a back sur- 35 
face side of which external connecting termi- 
nals are arranged such that the external con- 
necting terminals are connected electrically to 
the solid-state imaging devices via through- 
holes; 40 
a step of jointing a translucent member to a sur- 
face of the semiconductor substrate such that 
spaces are provided to oppose to light receiving 
areas of the solid-state imaging devices; and 
a step of separating a jointed body obtained in 45 
jointing step into individual solid-state imaging 
devices. 

4. A solid-state imaging device manufacturing meth- 
od, according to claim 13, wherein the step of joint- so 
ing the translucent member includes the steps of, 

preparing a translucent member having a plu- 
rality of concave portions at positions that corre- 
spond to solid-state imaging device forming re- 
gions, and 55 

jointing the translucent member to a surface 
of the semiconductor substrate. 
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15. A solid-state imaging device manufacturing meth- 
od, according to claim 13, further comprising, prior 
to the step of jointing, the step of forming projected 
portions on a surface of the semiconductor sub- 
strate to surround the light receiving areas; 

wherein spaces are formed between the light 
receiving areas and the translucent member by the 
projected portions. 

16. A solid-state imaging device manufacturing meth- 
od, according to claim 14, where in the step of joint- 
ing is executed to form spaces between the semi- 
conductor substrate and the translucent member 
via spacers that are arranged to surround the light 
receiving areas. 

17. A solid-state imaging device manufacturing meth- 
od, according to claim 13, wherein said method is 
further comprising the steps of: 

a step of forming solid-state imaging elements 

on a surface of the semiconductor substrate; 

a step of forming through-holes at a surface of 

the semiconductor substrate; 

a step of forming an insulating film in inner walls 

of the through-holes, and 

a step of filling conductive material in the 

through-holes, 

18. A solid-state imaging device manufacturing meth- 
od, according to claim 1 7, wherein the step of form- 
ing the insulating film includes a cold CVD method. 

19. A solid-state imaging device manufacturing meth- 
od, according to claim 1 8, wherein the step of filling 
conductive material includes a vacuum screen- 
printing method. 
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